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1571 ABSTRACT

A stimulable phosphor sheet, on which a radiation image has
been stored, is exposed to stimulating rays, which cause it to
emit light in proportion to the amount of energy stored
thereon during its exposure to radiation. The light, which is
emitted from the front surface of the stimulable phosphor
sheet, and the light, which is emitted from the back surface
of the stimulable phosphor sheet, are respectively detected.
An image readout from the front surface of the stimulable
phosphor sheet and an image readout from the back surface
of the stimulable phosphor sheet are thus carried out inde-
pendently of each other, two image signals being thereby

obtained. An abnormal state in the image readout from each
of the front and back surfaces of the stimulable phosphor
sheet is detected. In cases where an abnormal state has been

detected in the image readout from the front or back surface
of the stimulable phosphor sheet, the image readout from the
surface side of the stimulable phosphor sheet, on which side
the abnormal state in the image readout has been detected,
is ceased.

23 Claims, 5 Drawing Sheets
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RADIATION IMAGE READ-OUT METHOD
AND APPARATUS AND STIMULABLE
PHOSPHOR SHEET FOR THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a radiation image read-out
method and apparatus, and a stimulable phosphor sheet for
use in the radiation image read-out method and apparatus.
This invention particularly relates to a radiation image
read-out method and apparatus, wherein two image signals
are detected from the opposite surfaces of a stimulable
phosphor sheet, and a stimulable phosphor sheet for use in
the radiation image read-out method.

2. Description of the Prior Art

It has been proposed to use stimulable phosphors in
radiation image recording and read-out methods.
Specifically, a radiation image of an object, such as a human
body, is recorded on a stimulable phosphor sheet, which
comprises a substrate and a layer of a stimulable phosphor
overlaid on the substrate, The stimnulable phosphor sheet, on
which the radiation image has been stored, is then scanned
with stimulating rays, such as a laser beam, which cause it
to emit light in proportion to the amount of energy stored
thereon during its exposure to the radiation. The light

emitted by the stimulable phosphor sheet, upon stimulation
thereot, is photoelectrically detected and converted into an

electric 1mage signal. After the image signal has been
detected from the stimulable phosphor sheet, the stimulable
phosphor sheet 1s exposed to erasing light or heat, and
energy remaining on the stimmulable phosphor sheet is
thereby released.

The image signal, which has been obtained with a radia-
tion image read-out method, is then subjected to image
processing, such as gradation processing or frequency
processing, such that a visible radiation image having good
image quality can be reproduced and used as an effective
tool in, particularly, the accurate and efficient diagnosis of an
illness. The image signal, which has been obtained from the
image processing, is then reproduced as a visible image on
photographic film or on a cathode ray tube (CRT) display
device and used in making a diagnosis, or the like. The
stimulable phosphor sheet, from which the image signal has
been detected, is exposed to erasing light or heat, and energy
remaining on the stimulable phosphor sheet is thereby
released. The erased stimulable phosphor sheet can then be
used again for the recording of a radiation image.

Also, techniques for detecting light emitted by the oppo-
site surfaces of a stimulable phosphor sheet have becn
proposed in, for example, U.S. Pat. No. 4,346,295 and
Japanese Unexamined Patent Publication No. 4(1992)-
280060. With the proposed techniques, the substrate of the
stimulable phosphor sheet is constituted of a transparent
material capable of transmitting light, which is emitted by
the stimulable phosphor layer of the stimulable phosphor
sheet, and the light emitted by the stimulable phosphor layer
is detected approximately simultaneously from the opposite
surfaces of the stimulable phosphor sheet. In this manner,
the efficiency, with which the light emitted by the stimulable
phosphor sheet is collected, is kept high. Further, the image
signal components of two image signals having been
detected from the opposite surfaces of the stimulable phos-
phor sheet are added together in a predetermined addition
ratio, which image signal components represent correspond-
ing picture elements on the front and back surfaces of the
stimulable phosphor sheet. In this manner, the signal-to-
‘noise ratio 1s kept high.
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As described above, in the systems for detecting light
emitted by the opposite surfaces of a stimulable phosphor
sheet and adding the two obtained image signals to each
other, the image signal components of the two image signals
having been detected from the opposite surfaces of the
stimulable phosphor sheet are added to each other, which
image signal components represent corresponding picture
elements on the front and back surfaces of the stimulable
phosphor sheet. The systems for detecting light emitted by
the opposite surfaces of a stimulable phosphor sheet and
adding the two obtained image signals to each other are set
such that the addition may be carried out automatically and
regardless of whether each of the two image signals is or is
not an appropriate image signal, which has been detected
accurately, Therefore, for example, in cases where a failure
has occurred with a photomultiplier of an image information
read-out system or with a stimulating ray irradiating system,
which is located on one surface side of the stimulable
phosphor sheet, the detection of the image signal from the
corresponding surface of the stimulable phosphor sheet
cannot be carried out accurately. Accordingly, an image
signal appropriate for use in the reproduction of a visible
1mage cannot be obtained from the corresponding surface of
the stimulable phosphor sheet. However, in the aforesaid
systems for detecting light emitted by the opposite surfaces
of a stimulable phosphor sheet and adding the two obtained
image signals to each other, even if the failure described
above has occurred, the image signal components of the
inaccurate image signal, which has been detected from the
one surface of the stimulable phosphor sheet, and the
accurate 1mage signal, which has been detected from the
other surface of the stimulable phosphor sheet, are auto-
matically added to each other, which image signal compo-
nents represent corresponding picture elements on the front
and back surfaces of the stimulable phosphor sheet. An
addition image signal, which has been obtained from the
addition process, is then used for reproducing a visible
image, which is to be used in making a diagnosis, or the like.

However, the visible image for use in making a diagnosis,
or the like, which is reproduced from the image signal
obtained on the surface side of the stimulable phosphor
sheet, on which an abnormal state in the image readout has
occurred, is inaccurate and inappropriate for use in making
a diagnosis, or the like. Also, if such an inaccurate visible
image is reproduced, an accurate diagnosis, or the like,
cannot be made. Further, the operation for recording a
radiation image must be carried out again. In such cases,
considerable time and labor will be required.

Also, In cases where an abnormal state in the image
readout has occurred as described above, it is useless to
carry out the operation for detecting the image signal in the
abnormal state.

SUMMARY OF THE INVENTION

The primary object of the present invention is to provide
a radiation smage read-out method in a system for reading
out a radiation image from the opposite surfaces of a
stimulable phosphor sheet, on which the radiation image has
been stored, wherein useless processes are omitted for a
surface side of the stimulable phosphor sheet, on which side
an abnormal state in the image readout has occurred, and
wherein processes inappropriate for the reproduction of a
visible image are prevented from being carried out.

Another object of the present invention is to provide an
apparatus for carrying out the radiation image read-out

method.
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The specific object of the present invention is to provide
a stimulable phosphor sheet for use in the radiation image
read-out method.

The present invention provides a first radiation image
read-out method comprising the steps of:

1) exposing a stimulable phosphor sheet, which has been
exposed to radiation carrying image information of an
object and on which a radiation image has thereby been
stored, to stimulating rays, which cause the stimulable
phosphor sheet to emit light in proportion to the amount
of energy stored thereon during its exposure to

radiation, and

1) detecting the light, which is emitted from the front
surface of the stimulable phosphor sheet, and the light,
which is emitted from the back surface of the stimu-
lable phosphor sheet, respectively,

whereby an image readout from the front surface of the

stimulable phosphor sheet and an image readout from the
back surface of the stimulable phosphor sheet are carried out
independently of each other, two image signals being
thereby obtained,

wherein the improvement comprises the steps of:

a) detecting an abnormal state in the image readout from
each of the front surface and the back surface of the
stimulable phosphor sheet, and

b) in cases where an abnormal state has been detected in
the image readout from the front surface of the stimu-
lable phosphor sheet or in the image readout from the
back surface of the stimulable phosphor sheet, ceasing
the 1mage readout from the surface side of the stimu-
lable phosphor sheet, on which side the abnormal state
in the image readout has been detected.

The term “abnormal state in an image readout” as used
herein means every abnormal state of the stimulating ray
irradiating system and the image information read-out
system, €.g. an abnormal state of the output power of the
stimulating rays, an abnormal state of the scanning position
of the stimulating rays, an abnormal state of the scanning
speed of the stimulating rays, an abnormal state of the
guiding of light emitted by the stimulable phosphor sheet,
and an abnormal state of photoelectric conversion.
Therefore, the detection of an abnormal state in the image
readout may be carried out by monitoring the state of the
uradiation of the stimulating rays and/or the state of the
readout of image information independently of each other.
Alternatively, instead of the state of the irradiation of the
stimulating rays and/or the state of the readout of image
information being monitored independently of each other,
the detection of an abnormal state in the image readout may
be carried out by monitoring a state on the whole, including
the state of the irradiation of the stimulating rays and the
state of the readout of image information.

With the technique for monitoring a state on the whole,
instead of the state of the irradiation of the stimulating rays
and the state of the readout of image information being
monitored independently of each other, the final results,
which are obtained after passing through the processes for
the irradiation of the stimulating rays and the readout of
image information, are investigated and, as a result, a state
is monitored on the whole. For example, the monitoring of
a state on the whole may be carried out by monitoring the
state of emission of reference light, which is produced in a
predetermined amount of light. Specifically, a predeter-
mined amount of reference light may be produced by a
reference light source, and the state of emission of the
reference light may be monitored. A judgment may then be
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made as to whether the monitored state of emission of the
reference light 1s or is not abnormal.

The reference light may be light, which is produced in a
predetermined amount by a reference light source, or the
fluorescence, which is produced in a predetermined amount
by a fluorescent substance member when the fluorescent
substance member is exposed to a predetermined amount of
the stimulating rays. The fluorescent substance member is
formed at a portion of the region of the stimulable phosphor
sheet, which region is exposed to the stimulating rays. With
the technique for monitoring the state of emission of the
fluorescence, which is produced by the fluorescent substance

member formed at a portion of the stimulable phosphor
sheet, if at least one of an abnormal state of the output power

of the stimulating rays, an abnormal state of the scanning
position of the stimulating rays, an abnormal state of the
scanning speed of the stimulating rays, an abnormal state of
the guiding of light emitted by the stimulable phosphor
sheet, an abnormal state of photoelectric conversion, and the
like, has occurred, the value of the image signal correspond-
ing to the level of the fluorescence produced by the filuo-
rescent substance member will become outside the prede-
termined range. Therefore, an abnormal state in the image
readout can be detected by monitoring the state of emission
of the fluorescence, which is produced by the fluorescent
substance member. This also applies to the inventions,
which will be described later.

The term “ceasing an image readout” as used herein
means that a process is ceased in at least one of various
processing steps. For example, the guiding of the light
emitted by the stimulable phosphor sheet may be ceased.
Alternatively, the light emitted by the stimulable phosphor
sheet may be guided, and the process for photoelectrically
converting the guided light may be ceased. As another
alternative, the process for photoelectrically converting the
guided light may be carried out, and the use of the obtained
image signal in an operation process may be ceased. A
process may be ceased in any of various processing steps
such that aresulting image signal may not be used ultimately
for image processing.

As for the period during which the image readout is
ceased for the surface side of the stimulable phosphor sheet,
on which side the abnormal state in the image readout has
been detected, the ceasing of the image readout may be
applied:

(i) at the time at which and after the abnormal state in the
image readout has been detected for one surface side of
the stimulable phosphor sheet,

(11) only for the period, during which the abnormal state in
the image readout is being detected, or (iii) during the
entire length of a predetermined read-out period corre-
sponding to the time at which the abnormal state in the
image readout has been detected.

The present invention also provides a second radiation
image read-out method comprising the steps of:

1) exposing a stimulable phosphor sheet, which has been
exposed to radiation carrying image information of an
object and on which a radiation image has thereby been
stored, to stimulating rays, which cause the stimulable
phosphor sheet to emit light in proportion to the amount
of energy stored thereon during its exposure to
radiation, and

1) detecting the light, which is emitted from the front
surface of the stimulable phosphor sheet, and the light,
which is emitted from the back surface of the stimu-
lable phosphor sheet, respectively,

whereby an image readout from the front surface of the

stimulable phosphor sheet and an image readout from the
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back surface of the stimulable phosphor sheet are carried out

independently of each other, two image signals being

thereby obtained, |
wherein the improvement comprises the steps of:

a) detecting an abnormal state in the image readout from s

each of the front surface and the back surface of the
stimulable phosphor sheet, the detection of an abnor-

mal state in the image readout being carried out for
each of the front surface and the back surface of the
stimulable phosphor sheet independently, and

b) in cases where an abnormal state in the image readout
has been detected for one of the surfaces of the stimu-
lable phosphor sheet, processing, as an effective image
signal, only the image signal having been obtained
from the other surface of the stimulable phosphor sheet,
on which the abnormal state in the image readout has
not been detected.

The term “processing, as an effective image signal, only
an image signal having been obtained from the other surface
of a stimulable phosphor sheet, on which an abnormal state
in an image readout has not been detected” as used herein
means that the image signal having been obtained from the
one surface of the stimulable phosphor sheet, on which an
abnormal state in the image readout has been detected, is not

subjected to the image reproduction, and only the image
signal having been obtained from the other surface of the

stimulable phosphor sheet, on which the abnormal state in

the image readout has not been detected, is subjected to the

image reproduction. This also applies to the invention,
which will be described later. |

In cases where only the image signal having been
obtained from the other surface of the stimulable phosphor
sheet, on which the abnormal state in the image readout has
not been detected, is thus utilized, and in cases where signal
processing for the addition of image signals obtained from
the opposite surfaces of the stimulable phosphor sheet is
thereafter carried out, errors may be prevented from occur-
ring in the step of the addition process by carrying out the
following process:

(1) the step of the addition process is skipped, and the next
step is carried out, or

(2) the addition process is carried out by setting the addition
ratio for every frequency such that normal side:abnormal
side=1:0, or

(3) the image signal obtained from the abnormal side is filled
up with the same signal values as the image signal
obtained from the normal side.

As for the period during which only the image signal
having been obtained from the other surface of the stimu-
lable phosphor sheet, on which the abnormal state in the
image readout has not been detected, is processed as the
effective 1mage signal, the processing may be applied:

(i) at the time at which and after the abnormal state in the
image readout has been detected for one surface of the
stimulable phosphor sheet,

(ii) only for the period, during which the abnormal state in
the image readout is being detected, or

(1i1) during the entire length of a predetermined read-out
period corresponding to the time at which the abnormal
state in the image readout has been detected.
Specifically, for example, with the technique of (1), the

time, at which the abnormal state in the image readout has

been detected for one surface of the stimulable phosphor
sheet, 1s taken as a starting point, and at and after that time
only the image signal having been obtained from the other
surface of the stimulable phosphor sheet is processed as the
effective image signal regardless of whether a normal state
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is or is not restored from the abnormal state. With the
technique of (ii), the time, at which the abnormal state in the
image readout has been detected for one surface of the
stimulable phosphor sheet, is taken as a starting point. Of the
period beginning with that time, only for the period before
a normal state 1s restored from the abnormal state, only the
1mage signal having been obtained from the other surface of
the stimulable phosphor sheet is processed as the effective
1mage signal, After the normal state has been restored, both
of the image signals obtained from the opposite surfaces of
the stimulable phosphor sheet are processed as the effective
image signals. With the technique of (iii), in cases where the
abnormal state in the image readout has been detected for
one surface of the stimulable phosphor sheet within a
predetermined unit read-out period, only the image signal
having been obtained from the other surface of the stimu-
lable phosphor sheet, on which the abnormal state in the
image readout has not been detected, 1s processed as the
effective image signal during the entire length of the unit
read-out period, going back to the beginning point of the unit
read-out period. By way of example, the unit read-out period
may be a single main scanning period (i.c., the period for
scanning along a single main scanning line), or a period
during which the entire area of a single image is read out.

'The nradiation of the stimulating rays to the stimnulable

phosphor sheet may be carried out on only one surface side
of the stimulable phosphor sheet. Alternatively, the irradia-
tion of the stimulating rays to the stimulable phosphor sheet
may be carried out on the two surface sides of the stimulable
phosphor sheet.

The present invention further provides a first radiation

image read-out apparatus comprising:

i) a stimulating ray irradiating system for exposing a
stimulable phosphor sheet, which has been exposed to
radiation carrying image information of an object and
on which a radiation image has thereby been stored, to
stimulating rays, which cause the stimulable phosphor
sheet to emit light in proportion to the amount of energy
stored thereon during its exposure to radiation, and

i1) two image information read-out systems for respec-
tively detecting the light, which is emitted from the
front surface of the stimulable phosphor sheet, and the
light, which is emitted from the back surface of the
stimulable phosphor sheet,
whereby an image readout from the front surface of the
stimulable phosphor sheet and an image readout from the
back surface of the stimulable phosphor sheet are carried out
independently of each other,
wherein the improvement comprises the provision of:

a) an abnormal state detecting means for detecting an
abnormal state in the image readout from each of the
front surface and the back surface of the stimulable

phosphor sheet, and

b) a control means for operating such that, in cases where
the abnormal state detecting means has detected an
abnormal state in the image readout from the front
surface of the stimulable phosphor sheet or in the image
readout from the back surface of the stimulable phos-
phor sheet, the control means may cease the image
readout carried out by the image information read-out
system located on the surface side of the stimulable
phosphor sheet, on which side the abnormal state in the
image readout has been detected.

As 1in the first radiation image read-out method in accor-
dance with the present invention, the term “ceasing an image
readout” as used herein for the first radiation image read-out
apparatus in accordance with the present invention means
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that a process is ceased in at least one of various processing
steps. For example, in the image information read-out
system, the guiding of the light emitted by the stimulable
phosphor sheet may be ceased. Alternatively, the light
emitted by the stimulable phosphor sheet may be guided,
and the process for photoelectrically converting the guided
light may be ceased. As another alternative, the process for
photoelectrically converting the guided light may be carried
out, and the use of the obtained image signal in an operation
process may be ceased. A process may be ceased in any of
various processing steps such that a resulting image signal
may not be used ultimately for image processing.

Also, in cases where two stimulating ray irradiating
systems are located on the opposite surface sides of the
stimulable phosphor sheet, the image readout may be ceased
by ceasing the irradiation of the stimulating rays carried out
by the stimulating ray irradiating system located on the
surface side of the stimulable phosphor sheet, on which side
an abnormal state in the image readout has been detected.
Ceasing the irradiation of the stimulating rays may be
carried out alone or together with the ceasing of the image
readout carried out by the image information read-out sys-
tem.

The abnormal state detecting means may comprise:

1) an operation monitoring means, which is associated
with the stimulating ray irradiating system and/or each of the
two image information read-out systems and monitors a
state of the operation of the stimulating ray irradiating
system and/or a state of the operation of each of the two
image information read-out systems. and

2) a judgment means for making a judgment as to whether

the state of the operation monitored by the operation moni-
toring means is or is not abnormal, the judgment means
operating such that, in cases where the state of the operation
monitored has been judged as being abnormal, the judgment
means may feed a signal, which represents the results of the
judgment, into the control means.

Alternatively, the abnormal state detecting means may
detect an abnormal state on the whole. In such cases, the
abnormal state detecting means may comprise:

1) a reference light source for producing reference light
having a predetermined amount of light,

2) a reference light monitoring means for monitoring a
state of emission of the reference light, which is produced by
the reference light source, via each of the two image
information read-out systems, and

3) a jadgment means for making a judgment as to whether
the results of the monitoring of the state of emission of the
reference light, which have been obtained from the reference
light monitoring means, are or are not abnormal, the judg-
ment means operating such that, in cases where the results
of the monitoring of the state of emission of the reference
light have been judged as being abnormal, the judgment
means may feed a signal, which represents the results of the
judgment, into the control means.

As another alternative, instead of the reference light
source being used, a fluorescent substance member, which is
capable of producing a predetermined amount of the fluo-
rescence when it is exposed to a predetermined amount of
stimulating rays, may be formed at a portion of the region of
a stimulable phosphor sheet, which region is exposed to the
stimulating rays.

As described above, in cases where the judgment means
has judged that a state is abnormal, the judgment means
teeds a signal, which represents the results of the judgment,
into the control means. Specifically, no signal may be fed
into the control means before the judgment means judges
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that a state is abnormal, and a signal representing an
abnormal state may be fed into the control means when the
judgment means has judged that a state is abnormal.
Alternatively, a signal representing a normal state may be
continuously fed into the control means before the judgment
means judges that a state is abnormal. When the judgment
means has judged that a state is abnormal, the signal
representing a normal state may be ceased from being fed
into the control means.

The present invention still further provides a second

radiation image read-out apparatus comprising:

i) a stimulating ray irradiating system for exposing a
stimulable phosphor sheet, which has been exposed to
radiation carrying image information of an object and
on which a radiation image has thereby been stored, to
stimulating rays, which cause the stimulable phosphor
sheet to emit light in proportion to the amount of energy
stored thereon during its exposure to radiation, and

i1} two image information read-out systems for respec-
tively detecting the light, which is emitted from the
front surface of the stimulable phosphor sheet, and the
light, which is emitted from the back surface of the
stimulable phosphor sheet,
whereby an image readout from the front surface of the
stimulable phosphor sheet and an image readout from the
back surface of the stimulable phosphor sheet are carried out
independently of each other,
wherein the improvement comprises the provision of:

a) an abnormal state detecting means for detecting an
abnormal state in the image readout from each of the
front surface and the back surface of the stimulable
phosphor sheet, the detection of an abnormal state in
the image readout being carried out for each of the front
surface and the back surface of the stimulable phosphor
sheet independently, and

b) a control means for operating such that, in cases where
the abnormal state detecting means has detected an
abnormal state in the image readout for one of the
surfaces of the stimulable phosphor sheet, the control
means may process, as an effective image signal, only
the image signal having been obtained from the other
surface of the stimulable phosphor sheet, on which the -
abnormal state in the image readout has not been
detected.

As in the aforesaid radiation image read-out methods in
accordance with the present invention, as for the period
during which the image readout is ceased for the surface side
of the stimulable phosphor sheet, on which side the abnor-
mal state in the image readout has been detected, or as for
the period during which only the image signal having been
obtained from the other surface of the stimulable phosphor
sheet, on which the abnormal state in the image readout has
not been detected, is processed as the effective image signal,
the ceasing of the image readout or the processing as the
effective image signal may be applied:

(i) at the time at which and after the abnormal state in the
image readout has been detected for one surface of the
stimulable phosphor sheet,

(1) only for the period, during which the abnormal state in
the image readout is being detected, or

(1i1) during the entire length of a predetermined read-out
period corresponding to the time at which the abnormal
state in the image readout has been detected.

The present invention also provides a stimulable phosphor
sheet for use in the radiation image read-out methods in
accordance with the present invention. Specifically, the
present invention further provides a stimulable phosphor
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sheet, which is capable of storing a radiation image thereon
when it is exposed to radiation carrying image information
of an object, and which emits light from its opposite surfaces
when it is exposed to stimulating rays that cause it to emit
light in proportion to the amount of energy stored thereon
during its exposure to the radiation,

wherein the improvement comprises the provision of a
fluorescent substance member formed at a portion of a
region of the stimulable phosphor sheet, which region is
exposed to the stimulating rays, the fluorescent substance
member being capable of producing the fluorescence when
it is exposed to the stimulating rays.

The wavelengths of the filuorescence produced by the
fluorescent substance member may be identical with or
different from the wavelengths of the light, which is emitted
by the stimulable phosphor sheet when it is exposed to the
stimulating rays. However, the wavelengths of the fluores-
cence produced by the fluorescent substance member should

be such that the fluorescence can be detected by each image
information read-out system when the light emitted by the
stimulable phosphor sheet is detected, i.e. such that the
fluorescence may not be filtered out by a stimulating ray cut
filter, which is ordinarily used in the image information
read-out system. Two independent fluorescent substance
members should preferably be formed respectively on the

opposite surfaces of the stimulable phosphor sheet.
However, in cases where the fluorescence produced by the
fluorescent substance member is capable of passing through
the inside of the stimulable phosphor sheet and detected

from the opposite surfaces of the stimulable phosphor sheet,
two independent fluorescent substance members need not

necessarily be formed on the two surfaces of the stimulable
phosphor sheet and may be formed on either one of the two
surfaces of the stimulable phosphor sheet or in the inside of

the stimulable phosphor sheet. In such cases, it is necessary
that the wavelengths of the fluorescence produced by the
fluorescent substance member are different from the wave-
lengths of the light, which is emitted by the stimulable
phosphor sheet, and that the stimulable phosphor sheet is
capable of transmitting the fluorescence.

The fluorescent substance member is formed at a portion
of the region of the stimulable phosphor sheet, which region
is exposed to the stimulating rays. The fluorescent substance
member should preferably be located at a position at which
the radiation image is not located, or at a position at which
aradiation image portion, that is not important as the image
information, is located.

With the radiation image read-out methods in accordance
with the present invention, an abnormal state in the image
readout from each of the front surface and the back surface
of the stimulable phosphor sheet is detected. In cases where
an abnormal state has been detected in the image readout
from the front surface of the stimulable phosphor sheet or in
the image readout from the back surface of the stimulable
phosphor sheet, the image readout from the surface side of
the stimulable phosphor sheet, on which side the abnormal
state in the image readout has been detected, is ceased, or
only the image signal having been obtained from the other
surface of the stimulable phosphor sheet, on which the
abnormal state in the image readout has not been detected,
is processed as an effective mmage signal. Therefore, an
inaccurate image signal, which has been obtained from the
surface side of the stimulable phosphor sheet, on which side
the abnormal state in the image readout has been detected,
is not utilized in the subsequent operation processing and
image processing. Accordingly, an inaccurate image can be
prevented from being reproduced from the inaccurate image
signal.
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Also, as for the surface side of the stimulable phosphor
sheet, on which side the abnormal state in the image readout
has been detected, the processing on the image signal
obtained from the corresponding surface of the stimulable
phosphor sheet can be omitted. Therefore, useless operations
can be reduced.

In cases where the detection of an abnormal state in the
image readout is carried out by monitoring the state of the

irradiation of the stimulating rays and/or the state of the
readout of image information independently of each other,
the process in which an abnormal state has occurred can be
found quickly, and therefore the time required to carry out
the maintenance, or the like, can be kept short.

Also, instead of the state of the irradiation of the stimu-

lating rays and the state of the readout of image information
being monitored respectively, the detection of an abnormal

state in the image readout may be carried out by monitoring
a state on the whole, including the state of the irradiation of
the stimulating rays and the state of the readout of image
information. In such cases, it is not necessary to monitor
many processes respectively, the detection of an abnormal
state can be simplified.

With the first and second radiation image read-out appa-
ratuses in accordance with the present invention, the abnor-
mal state detecting means carries out the detection of an

abnormal state in the image readout from each of the front
surface and the back surface of the stimulable phosphor
sheet. With the first radiation image read-out apparatus in
accordance with the present invention, in cases where the
abnormal state detecting means has detected an abnormal
state in the fmage readout from the front surface of the
stimulable phosphor sheet or in the image readout from the
back surface of the stimulable phosphor sheet, a signal for
ceasing the image readout is fed from the control means to

the image information read-out system (in cases where two
stimulating ray irradiating systems are located on the oppo-
site surface sides of the stimulable phosphor sheet, to the
image information read-out system and/or the stimulating
ray irradiating system) that is located on the surface side of
the stimulable phosphor sheet, on which side the abnormal
state in the image readout has been detected. In this manner,
the image readout with the image information read-out
system (in cases where two stimulating ray irradiating
systems are located on the opposite surface sides of the
stimulable phosphor sheet, the image readout with the image
information read-out system and/or the stimulating ray 1rra-
diating system) from the surface side of the stimulable
phosphor sheet, on which side the abnormal state in the
image readout has been detected, is ceased. Alternatively,
with the second radiation image read-out apparatus in accor-
dance with the present invention, in cases where the abnor-
mal state detecting means has detected an abnormal state in
the image readout for one of the surfaces of the stimulable
phosphor sheet, the control means processes, as an effective
image signal, only the image signal having been obtained
from the other surface of the stimulable phosphor sheet, on
which the abnormal state in the image readout has not been
detected. Therefore, with the first and second radiation
image read-out apparatuses in accordance with the present
invention, an inaccurate image signal, which has been
obtained from the surface side of the stimulable phosphor
sheet, on which side the abnormal state in the image readout
has been detected, is not utilized in the subsequent operation
processing and image processing. Accordingly, an inaccu-
rate image can be prevented from being reproduced from the
inaccurate image signal.

In cases where the operation monitoring means is asso-
ciated with the stimulating ray irradiating system and/or
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each of the two image information read-out systems, the
component, in which an abnormal state has occurred., can be
found quickly, and therefore the time required to carry out
the maintenance, or the like, can be kept short.

In cases where the reference light monitoring means is
utilized to carry out the monitoring on the whole, it is not
necessary for a plurality of operation monitoring means to
be located for many components, and therefore the consti-
tution of the radiation image read-out apparatus can be
simplified.

With the stimulable phosphor sheet in accordance with the
present invention, the fluorescent substance member is
formed at a portion of the region of the stimulable phosphor
sheet, which region is exposed to the stimulating rays. The
fluorescent substance member is capable of producing a
predetermined amount the fluorescence when it is exposed
to a predetermined amount of the stimulating rays.
Therefore, the stimulable phosphor sheet in accordance with
the present invention can be utilized in the radiation image
read-out method in accordance with the present invention,
wherein an abnormal state in the image readout is monitored
on the whole. Accordingly, the stimulable phosphor sheet in
accordance with the present invention is advantageous in
simplifying the detection of an abnormal state in the image
readout.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a first embodiment of
the radiation image read-out apparatus in accordance with
the present invention,

FI1G. 2 is a block diagram showing a second embodiment
of the radiation image read-out apparatus in accordance with
the present invention,

FIG. 3A is a plan view showing an embodiment of the
stimulable phosphor sheet for use in the second embodiment
of the radiation image read-out apparatus in accordance with
the present invention, which is provided with long, narrow
strip-like fluorescent substance members extending in the
direction, that is normal to the main scanning direction of a
laser beam,

FIG. 3B is a plan view showing an embodiment of the
- stimulable phosphor sheet for use in the second embodiment
of the radiation image read-out apparatus in accordance with
the present invention, which is provided with long, narrow
strip-like fluorescent substance members extending in the
direction, which is parallel with the main scanning direction
of a laser beam, and at the positions which can be exposed
to the laser beam along a first main scanning line,

FIG. 4 is a flow chart showing how processes are carried
out 1n a confro! means, and

FIG. 5 is a graph showing the values of the addition ratio,
which are used in the addition of two image signals obtained
from front and back surfaces of a stimulable phosphor sheet
and are suitable for obtaining an optimum superposition
image, vs. frequency.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will hereinbelow be described in
further detail with reference to the accompanying drawings.

FIG. 11is a block diagram showing a first embodiment of
the radiation image read-out apparatus in accordance with
the present invention. A stimulable phosphor sheet 6, which
is used 1n a radiation image read-out apparatus 40 shown in
FIG. 1, has been exposed to radiation carrying image
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information of an object (not shown), and a radiation image
of the object has thereby been stored on the stimulable
phosphor sheet 6. When the stimulable phosphor sheet 6, on
which the radiation image has been stored, is exposed to
stimulating rays, it is caused by the stimulating rays to emit
light in proportion to the amount of energy stored thereon
during its exposure to the radiation. The light is emitted from
the front and back surfaces of the stimulable phosphor sheet
6.

The stimulable phosphor sheet 6 is composed of three
layers. Specifically, the stimulable phosphor sheet 6 is
composed of stimulable phosphor layers, which are located
on the opposite surface sides of the stimulable phosphor
sheet 6, and a substrate layer, which intervenes between the
stimulable phosphor layers and is capable of transmitting the
stimulating rays. When the stimulating rays are irradiated to
at least either one surface of the stimulable phosphor sheet
6, the light is emitted from the front and back surfaces of the
stimulable phosphor sheet 6.

The stimulable phosphor sheet 6 is placed on endless belts
49a and 49b, which are rotated by motors (not shown). A
laser beam source 41, a rotating polygon mirror 43, a
scanning lens 30, and a motor 42 are located above the
stimulable phosphor sheet 6. The laser beam source 41
produces a laser beam L serving as the stimulating rays,
which cause the stimulable phosphor sheet 6 to emit light in
proportion to the amount of energy stored thereon during its
exposure to the radiation. The rotating polygon mirror 43
refiects and deflects the laser beam I., which has been
produced by the laser beam source 41. The scanning lens 30
converges the laser beam L, which has been refiected and
defiected by the rotating polygon mirror 43, on the stimu-
lable phosphor sheet 6. Also, the scanning lens 30 serves
such that the laser beam L. may scan the stimulable phosphor
sheet 6 at uniform speed and in main scanning directions,
which are indicated by the double headed arrow X. The
motor 42 rotates the rotating polygon mirror 43.

A light guide member 452 is located above and close to
the position on the stimulable phosphor sheet 6 which is
being scanned with the laser beam L. The light guide
member 45a collects light 44a, which is emitted from the
upper surface of the stimulable phosphor sheet 6 when the
stimulable phosphor sheet 6 is scanned with the laser beam
L, from above the stimulable phosphor sheet 6. Also, a light
guide member 455 is located below the lower surface of the
stimulable phosphor sheet 6 and at the position correspond-
ing to the position, which is being scanned with the laser
beam L. The light guide member 45b is located approxi-
mately perpendicularly and close to the stimulable phosphor
sheet 6 and collects light 44b, which is emitted from the
lower surface of the stimulable phosphor sheet 6 when the
stimulable phosphor sheet 6 is scanned with the laser beam
L, from below the stimulable phosphor sheet 6.

The light guide member 454 is located such that it may be
in close contact with a photomultiplier 46a, which photo-
electrically detects the light 44a emitted by the stimulable
phosphor sheet 6. Also, the light guide member 45b is
located such that it may be in close contact with a photo-
multiplier 465, which photoelectrically detects the light 445
emitted by the stirnulable phosphor sheet 6. The photomul-
tipliers 46a and 46b are respectively connected to logarith-
mic amplifiers 47a and 47b. The logarithmic amplifiers 47a
and 47b are respectively connected to analog-to-digital
converters 48a and 48b. The analog-to-digital converters
48a and 48b are connected to a memory 50.

The memory 50 temporarily stores digital image signals
received from the analog-to-digital converters 48a and 48b.
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The digital image signals are then read from the memory 50
and fed into an addition operation circuit 51. In the addition
operation circuit 51, the digital image signals are weighted
with appropriate weight factors, and the image signal com-
ponents of the weighted digital image signals are added to
each other, which image signal components represent cor-
responding picture elements on the front and back surfaces

of the stimulable phosphor sheet 6.

The photomultipliers 46a and 46b are also respectively
connected to self-diagnosis devices 60a and 6056. The self-
diagnosis device 60a comprises a monitoring means 6la and
a judgment means 62a. The monitoring means é1a monitors
the state of the function and the operation of the photomul-
tiplier 46a. The judgment means 62a receives information,
which represents the results of the monitoring, from the

monitoring means 61a and makes a judgment as to whether
the photomultiplier 46a is operating normally. In accordance
with whether the photomultiplier 464 is or is not operating
normally, the judgment means 62a feeds a different judg-
ment signal to a control means 63, which will be described
later. The self-diagnosis device 605, which corresponds to
the lower surface side of the stimulable phosphor sheet 6,
comprises a monitoring means 615 and a judgment means
62b, which respectively work in the same manner as that in
the monitoring means 61a and the judgment means 62a.

The self-diagnosis devices 60a and 606 are connected to
the control means 63, which is connected to the memory 50
and the addition operation circuit S1. The control means 63
receives the judgment signals from the judgment means 62a
and the judgment means 62b. In accordance with the
received judgment signal, the control means 63 feeds a
predetermined instruction signal into the memory 50 and
gives a predetermined operation instruction to the addition
operation circuit 51. The predetermined instruction signal
and the predetermined operation instruction will be
described later in detail.

How the radiation image is read out from the stimulable
phosphor sheet 6 in the first embodiment of the radiation
image read-out apparatus 40 will be described hereinbelow
with reference to FIG. 1.

In a radiation image recording apparatus (not shown), the
radiation image of an object is stored on the stimulable
phosphor sheet 6. The stimulable phosphor sheet 6, on which
the radiation image has been stored, is set at a predetermined
position on the endless belts 492 and 495. The stimulable
phosphor sheet 6, which has been set at the predetermined
position, i1s conveyed at a predetermined speed by the
endless belts 49a and 496 in a sub-scanning direction
indicated by the arrow Y. Also, the laser beam L is produced
by the laser beam source 41. The laser beam L, which has
been produced by the laser beam source 41, is reflected and
deflected by the rotating polygon mirror 43, which is quickly
rotated by the motor 42 in the direction indicated by the
arrow. The laser beam L, which has thus been refiected and
deflected by the rotating polygon mirror 43, is converged on
the surface of the stimulable phosphor sheet 6 by the
scanning lens 30. Also, the laser beam L is caused to scan the
stimulable phosphor sheet 6 at uniform. speed in the main
scanning directions indicated by the double headed arrow X.
The main scanning directions are approximately normal to
the sub-scanning direction indicated by the arrow Y. By the
main scanning of the laser beam L and the sub-scanning of
the stimulable phosphor sheet 6, the entire arca of the
stimulable phosphor sheet 6 is exposed to the laser beam L.

When the stimulable phosphor sheet 6 is exposed to the
laser beam L, the stimulable phosphor layers of the stimu-
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lable phosphor sheet 6 emit light 44a and light 44b in
proportion to the amounts of energy stored thereon during
their exposure to the radiation. The reference numeral 44a
represents the light emitted outwardly from the front surface
(i.e., the upper surface in FIG. 1) of the stimulable phosphor
sheet 6. The reference numeral 445 represents the light

emitted outwardly from the back surface (i.e., the lower
surface in FIG. 1) of the stimulable phosphor sheet 6. The

laser beam L, which has impinged upon the front surface of
the stimulable phosphor sheet 6, is diffused in the inside of
the stimulable phosphor sheet 6 and impinges upon the back
surface of the stimulable phosphor sheet 6. Therefore,
ordinarily, the sharpness of the light 445, which is emitted
from the back surface of the stimulable phosphor sheet 6, is
lower than the sharpness of the light 444, which is emitted
from the front surface of the stimulable phosphor sheet 6.

The light 442, which has been emitted from the upper
surface of the stimulable phosphor sheet 6, is guided by the
light guide member 452, which is located on the upper
surface side of the stimulable phosphor sheet 6, to the
photomultiplier 46a. The emitted light 44a, which has thus
been guided by the light guide member 454, is photoelec-
trically detected by the photomultiplier 46a. The light guide
member 45a is made from a light guiding material, such as
an acrylic plate. The light guide member 454 has a linear
input end face, which is located such that it may extend
along the main scanning line on the stimulable phosphor
sheet 6, and a ring-like output end face, which is located
such that it may be in close contact with a light receiving

face of the photomultiplier 46a. The emitted light 44q,
which has entered from the input end face into the light
guide member 4354, 1s guided through repeated total reflec-

tion 1nside of the light guide member 45a, emanates from the
output end face, and is received by the photomultiplier 46a4.
The amount of the emitted light 44a representing the radia-
tion image is converted by the photomultiplier 464 into an
electric signal.

The light 445, which has been emitted from the lower
surface of the stimulable phosphor sheet 6, is guided by the
light guide member 45b, which 1s located on the lower
surface side of the stimulable phosphor sheet 6. In the same
manner as that for the emitted light 444, the emitted light
44b, which has thus been guided by the light guide member
45b, is photoelectrically detected by the photomultiplier
46b.

The photomultiplier 464, which is located on the upper
surface side of the stimulable phosphor sheet 6, generates an
analog output signal S,. The analog output signal S, is
logarithmically amplificd by the logarithmic amplificr 47a
and is then digitized by the analog-to-digital converter 48a
into a first image signal log S,. The first image signal log S,
is fed into the memory $§0. Also, the photomultiplier 465,
which is located on the lower surface side of the stimulable
phosphor sheet 6, generates an analog output signal S,. The
analog output signal S, is logarithmically amplified by the
logarithmic amplifier 476 and is then digitized by the
analog-to-digital converter 485 into a second image signal
log S,. The first image signal log S, and the second image
signal log S, are temporarily stored in the memory 30.

The state of the operation of the photomultiplier 46a and
the state of operation of the photomultiplier 465 are respec-
tively monitored by the monitoring means 61a of the self-
diagnosis device 60a and the monitoring means 615 of the
self-diagnosis device 60b. The judgment means 62a makes
a judgment as to whether the photomultiplier 464 is or 1s not
operating normally. Also, the judgment means 625 makes a
judgment as to whether the photomultiplier 465 is or is not
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operating normally. The judgment means 62a and the judg-
ment means 62b feed the judgment signals, which represent
the results of the judgments, into the control means 63.

In accordance with the results of the judgments made by
the judgment means 62a and the judgment means 625, the
control means 63 controls the memory 50, the addition
operation circuit 51, and an alarming means 64 such that one
of the processes (1). (2), and (3) described below may be
carried out.

(1) In cases where both of the judgment signals, which
have been received from the judgment means 62a and the
judgment means 62b, represent the normal state, i.e. in cases
where it has been judged that both of the photomultipliers
46a and 46b located on the front and back surface sides of
the stimulable phosphor sheet 6 are operating normally:

(1) The control means 63 controls the memory 50 such that
it may store the first image signal log S, and the second
image signal log S, obtained from the front and back
surfaces of the stimulable phosphor sheet 6.

(1i) The control means 63 controls the addition operation
circuit 51 such that it may exponentially convert the
first image signal log S, and the second image signal
log S,, which have been stored in the memory 50, such
that it may thereby return the image signals into the
image signals S, and S, and such that it may weight the
image signals S, and S, with appropriate weight factors
and may add the image signal components of the
weighted image signals S, and S, to each other, which
image signal components represent corresponding pic-
ture elements on the front and back surfaces of the
stimulable phosphor sheet 6., a digital signal S being
thereby obtained.

(i) The control means 63 controls the alarming means 64

such that it may not issue an alarm.

(2) In cases where either one of the judgment signals,
which have been received from the judgment means 624 and
the judgment means 62b, represents that the corresponding
photomulitiplier is operating normally, and the other judg-
ment signal represents that the corresponding photomulti-
plier is not operating normally, i.e. in cases where it has been
judged that only the operation on the other surface side of
the stimulable phosphor sheet 6 is abnormal:
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(1) The control means 63 controls the memory 50 such that

it may store the first image signal log S, or the second
image signal log S,, whichever has been obtained from
the surface side of the stimulable phosphor sheet 6 in
the normal state, and such that it may not store the
second image signal log S, or the first image signal log
S,. whichever has been obtained from the surface side
of the stimulable phosphor sheet 6 in the abnormal
state.

(11) The control means 63 controls the addition operation
circuit 51 such that it may exponentially convert the
first image signal log S, or the second image signal log
S,, whichever have been stored in the memory 50, and
such that it may calculate the values of a digital signal
S representing respective picture elements.

(iii) The control means 63 controls the alarming means 64

such that it may not issue an alarm.

(3) In cases where both of the judgment signals, which
have been received from the judgment means 62z and the
judgment means 62b, represent that the photomultipliers 46a
and 46b are not operating normally, i.e. in cases where it has
been judged that both of the operations on the front and back
surface sides of the stimulable phosphor sheet 6 are abnor-
mal:
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(1) The control means 63 controls the memory 50 such that
it may not store the first image signal log S, and the
second image signal log S, obtained from the front and
back surfaces of the stimulable phosphor sheet 6.

(11) The control means 63 controls the addition operation
circuit 51 such that it may cease the processing.

(1ii) The control means 63 controls the alarming means 64

such that it may issue an alarm.
In cases where the control described in (1) (ii) is carried

out, the addition operation circuit S1 adds the first image
signal log S, which has been obtained from the front surface
of the stimulable phosphor sheet 6, and the second image
signal 1og S,, which has been obtained from the back surface
of the stimulable phosphor sheet 6, to each other. During the
addition, the addition ratio (i.e., the weight factors) is
changed for each frequency as illustrated in FIG. 5 such that
an image reproduced from the addition image signal, which
has been obtained from the addition of the first image signal
log S, and the second image signal log S, to each other, may
have good image quality and can serve as an effective tool
in, particularly, the efficient and accurate diagnosis of an
illness.

In cases where the control described in (2) (it) is carried
out, If the weight factors, which are set for each frequency
in the control described in (1) (ii), are used, an image., which
has good image quality and can serve as an effective tool in,
particularly. the efficient and accurate diagnosis of an illness,
cannot be obtained. Specifically, for example, in cases where
the operation on the front surface side of the stimulable
phosphor sheet 6 is abnormal and only the second image
signal log S, which has been obtained from the back surface
of the stimulable phosphor sheet 6, is used, if the weighting
is carried out with the weight factor described above, the
high frequency components of the image will be attenuated.
Therefore, in cases where only the image signal obtained
from one surface of the stimulable phosphor sheet 6 is used,
the frequency characteristics are rendered flat (i.e., the
addition ratio is set to be 1.0 for every frequency).
Conversely, in cases where only the first image signal log S, .
which has been obtained from the front surface of the
stimulable phosphor sheet 6, is used, if the weighting is
carried out with the weight factor, which is set for each
frequency in the control described in (1) (ii), the high
frequency components of the image will be emphasized.
Therefore, in such cases, the control is carried out such that
the frequency characteristics may become flat.

The flow of the processes described above is shown in
FIG. 4.

A digital image signal S is obtained from the operation
processing carried out in the manner described above. The
digital image signal S is logarithmically converted by an
image processing circuit 52 and subjected to image
processing, such as gradation processing or frequency pro-
cessing. The digital image signal S, which has been obtained
from the image processing circuit 52, is fed into an image
reproducing apparatus S3, which is connected to the radia-
tion image read-out apparatus 40. In the image reproducing
apparatus 33, the digital image signal S is used for repro-
ducing a visible radiation image. The image reproducing
apparatus 33 may be constituted of a display means, such as
a cathode ray tube (CRT) display device, or a light beam
scanning recording apparatus for recording an image on
photographic film. The image reproducing apparatus 53 may
be replaced by an apparatus for storing the image signal in
an image file on an optical disk, a magnetic disk, or the like,
such that the image signal may then be fed into the display
means or the light beam scanning recording apparatus.
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As described above, with this embodiment, the image
signal having been obtained from the surface side of the
stimulable phosphor sheet 6, on which side an abnormal
state in the image readout has occurred, is not stored in the
memory 50. Therefore, an abnormal image signal obtained
from an abnormal image readout is not processed.
Accordingly, useless processes can be prevented from being

carried out, and processes inappropriate for the reproduction
of a visible image can be prevented from being carried out.

In this embodiment, the memory 50 is controlled such that
it may not store the image signal obtained from the surface
side of the stimulable phosphor sheet 6, on which side an
abnormal state in the image readout has occurred.
Alternatively, the detection of the abnormal image signal
may be ceased. Specifically, instead of the memory S0 being
controlled, the control means 63 may control the photomul-
tiplier 46a or the photomultiplier 465, whichever is located
on the surface side of the stimulable phosphor sheet 6 on
which an abnormal state in the image readout has occurred.
For example, for this purpose, the supply of electric power
to the photomultiplier may be ceased. Alternatively, the
photoelectric conversion carried out by the photomultiplier
may be ceased. As another alternative, the output from the
photomultiplier may. be blocked. Also, instead of the pho-
tomultiplier being controlied, the logarithmic amplifier or
the analog-to-digital converter may be controlled.

Further, besides the self-diagnosis devices 60a and 60b
associated with the photomultipliers 46a and 46b, self-
diagnosis devices may be associated with the logarithmic
amplifiers 47a and 476 and the analog-to-digital converters
48a and 48b. A control device may be located such that, in
cascs where an abnormal state has occurred with one of
these components, the control device may cease the image
readout from the side, on which the abnormal component is
located.

It is also possible to employ a stimulable phosphor sheet
comprising two independent stimulable phosphor layers,
which are located on the front and back surfaces of the
stimulable phosphor sheet, and an intermediate layer, which
intervenes between the two stimulable phosphor layers and
is constitited of a material, that does not transmit the
stimulating rays (such as the laser beam). Also, two inde-
pendent stimulating ray irradiating systems may be located
on the opposite surface sides of the stimulable phosphor
sheet such that they may respectively irradiate the stimulat-
ing rays to the front and back surfaces of the stimulable
phosphor sheet. In such cases, self-diagnosis devices may be
respectively associated with the stimulating ray wrradiating
systems, which are located on the opposite surface sides of
the stimulable phosphor sheet. In this manner, an abnormal
state in the image readout due to a failure occurring with a
stimulating ray irradiating system may also be detected.
When an abnormal state in the image readout due to a failure
of a stimulating ray irradiating system is detected, the
detection of an image signal and/or the scanning with the
stimulating rays may be ceased on the surface side of the
stimulable phosphor sheet 6, on which side the abnormal
stimulating ray irradiating system is located.

As for the period during which the detection of the image
signal and/or the scanning with the stimulating rays is
ceased for the surface side of the stimulable phosphor sheet,
on which side the abnormal state in the image readout has
been detected, the ceasing of the detection of the image
signal and/or the ceasing of the scanning with the stimulat-
ing rays may be applied in one of the ways described below:
(i) The ceasing of the detection of the image signal and/or

the ceasing of the scanning with the stimulating rays is
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begun at the time at which the abnormal state in the image
readout has been detected. The ceasing is continued until
the image read-out operation with the radiation image
read-out apparatus is completed.

(i) The ceasing of the detection of the image signal and/or
the ceasing of the scanning with the stimulating rays is
continued only for the period, during which the abnormal
state in the image readout is being detected. After the
normal state in the image readout is restored, the ceasing
of the detection of the image signal and/or the ceasing of

the scanning with the stimulating rays is brought to an
end.

(iii) The ceasing is applied to a period, going back to the start
point of the scanning line, which was being scanned when
the abnormal state in the image readout was detected, or
going back to the start point of the image, which was
being read out when the abnormal state in the image
readout was detected. Even if the normal state in the
image-readout is restored before the end point of the
scanning line or the end point of the image is reached, the
ceasing of the detection of the image signal and/or the
ceasing of the scanning with the stimulating rays is
continued until the end point of the scanning line or the
end point of the image is reached.

In cases where signal processing, such as the addition
process, is carried out on the two image signals having been
obtained from the upper and lower surfaces of the stimulable
phosphor sheet 6, the image signal obtained from the surface
side of the stimulable phosphor sheet 6, on which side the
abnormal state in the image readout has been detected, may
be filled up with the same signal values as the image signal
obtained from the normal surface side of the stimulable
phosphor sheet 6, on which side the abnormal state in the
image readout has not been detected. Alternatively, the
addition process may be carried out by setting the addition
ratio such that normal side:abnormal side=1:0. As another
alternative, the step of the addition process may be skipped,
and the next step may be carried out.

In this embodiment, the self-diagnosis devices 60a and
600 are controlled so as to carry out the self-diagnosis
continuously as long as the radiation image read-out appa-
ratus is operating. Alternatively, the self-diagnosis may be
carried out periodically, for example, at one-hour intervals,
and may not be carried out during the other time zones.

Also, each time the operation of the radiation image
read-out apparatus is started, the self-diagnosis may be
carried out.

A second embodiment of the radiation image read-out
apparatus in accordance with the present invention will be
described hereinbelow.

FIG. 2 is a block diagram showing the second embodi-
ment of the radiation image read-out apparatus in accor-
dance with the present invention. FIGS. 3A and 3B are plan
views showing embodiments of the stimulable phosphor
sheets for use in the radiation image read-out apparatus 40
shown in FIG. 2. Each stimulable phosphor sheet has been
exposed to radiation carrying image information of an object
(not shown), and a radiation image of the object has thereby
been-stored on the stimulable phosphor sheet. When stimnu-
lating rays are irradiated to at least either one of the surtaces
of the stimulable phosphor sheet, on which the radiation
image has been stored, the stimulable phosphor sheet is
caused by the stimulating rays to emit light in proportion to
the amount of energy stored thereon during its exposure to
the radiation. The light is emitted from the front and back
surfaces of the stimulable phosphor sheet.

A stimulable phosphor sheet 16 shown in FIG. 3A is
provided with long, narrow strip-like fluorescent substance
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members 16¢c and 164, which are respectively formed on a
front surface 16a and a back surface 165 of the stimulable
phosphor sheet 16. The fluorescent substance members 16¢
and 164 extend in the direction. which is normal to the main
scanning direction of the stimulating rays (the laser beam).
The main scanning direction is indicated by the arrow X.
The fluorescent substance members 16¢ and 164 are located
at the positions that are exposed to the laser beam each time
the scanning of the laser beam along the main scanning line
begins. The fluorescent substance members 16¢ and 164 are
of the anti-Stokes’ type. Specifically, when the anti-Stokes’
type of fluorescent substance members 16¢ and 16d are
exposed to the stimulating rays, they produce the fluores-
cence (anti-Stokes’ light) having wavelengths, which are
shorter than the wavelengths of the stimulating rays and are
different from the wavelengths of the light emitted by the
stimulable phosphor sheet. When the stimulating rays are
irradiated to one surface of the stimulable phosphor sheet 16,
the anti-Stokes’ type of fluorescent substance members 16¢
and 16d produce the fluorescence.

A stimulable phosphor sheet 26 shown in FIG. 3B is
provided with long, narrow strip-like, anti-Stokes’ type of
fluorescent substance members 26¢ and 264, which are
respectively formed on a front surface 26a and a back
surface 26b of the stimulable phosphor sheet 26. The anti-
Stokes’ type of fluorescent substance members 26¢ and 26d
extend in the direction, which is parallel with the main
scanning direction of the stimulating rays (the laser beam).
The main scanning direction is indicated by the arrow X.
The anti-Stokes’ type of fluorescent substance members 26¢
and 264 are located at the positions which can be exposed to
the laser beam along a first main scanning line. When the
stimulating rays are irradiated to one surface of the stimu-
lable phosphor sheet 26, the anti-Stokes’ type of fluorescent
substance members 26¢ and 264 produce the fluorescence.
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The stimulable phosphor sheet 16 shown in FIG. 3A is

placed on the endless belts 492 and 49b, which are rotated
by motors (not shown). The laser beam source 41, the
rotating polygon mirror 43, the scanning lens 30, and the
motor 42 are located above the stimulable phosphor sheet
16. The laser beam source 41 produces the laser beam L
serving as the stimulating rays, which cause the stimulable
phosphor sheet 16 to emit light in proportion to the amount
of energy stored thereon during its exposure to the radiation.
The rotating polygon mirror 43 reflects and deflects the laser
beam L, which has been produced by the laser beam source
41. The scanning lens 30 converges the laser beam L, which
has been reflected and deflected by the rotating polygon
mirror 43, on the stimulable phosphor sheet 6. Also, the
scanning lens 30 serves such that the laser beam L may scan
the stimulable phosphor sheet 6 at uniform speed and in
main scanning directions, which are indicated by the double
headed arrow X. The motor 42 rotates the rotating polygon
mitror 43.

The light guide member 45« is located above and close to
the position on the stimulable phosphor sheet 16 which is
being scanned with the laser beam L. The light guide
member 45a collects light 44q, which is emitted from the
front surface 16a of the stimulable phosphor sheet 16 when
the stimulable phosphor sheet 16 is scanned with the laser
beam L, from above the stimulable phosphor sheet 16. The
light guide member 45a also collects fluorescence 44c,
which is produced by the anti-Stokes’ type of fluorescent
substance member 16¢ when the anti-Stokes’ type of fluo-
rescent substance member 16¢ is exposed to the laser beam
L, from above the stimulable phosphor sheet 16. Also, the
light guide member 45b is located below the back surface
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164 of the stimulable phosphor sheet 16 and at the position
corresponding to the position, which is being scanned with
the laser beam L. The light guide member 456 is located
approximately perpendicularly and close to the stimulable
phosphor sheet 16. The light guide member 456 collects
light 445, which is emitted from the back surface 165 of the
stimulable phosphor sheet 16 when the stimulable phosphor
sheet 16 is scanned with the laser beam L., from below the
stimulable phosphor sheet 16. The light guide member 456
also collects fluorescence 44d, which is produced by the
anti-Stokes’ type of fluorescent substance member 164 when
the anti-Stokes’ type of fluorescent substance member 164 is
exposed to the laser beam L, from below the stimulable
phosphor sheet 16.

The light gnide member 454 is located such that it may be
in close contact with the photomultiplier 46a, which pho-
toelectrically detects the light 44a emitted by the stimulable
phosphor sheet 16. Also, the light guide member 45b is
located such that it may be in close contact with the
photomultiplier 465, which photoelectrically detects the
light 445 emitted by the stimulable phosphor sheet 16. The
photomultipliers 46a and 465 are respectively connected to
logarithmic amplifiers 47a and 47b. The logarithmic ampli-
fiers 47a and 47b are respectively connected to the analog-
to-digital converters 48a and 48b. The analog-to-digital
converters 48a and 485 are connected to the memory 50.

The memory 50 temporarily stores digital image signals
received from the analog-to-digital converters 48a and 48b.
The digital image signals are then read from the memory 50
and fed into the addition operation circuit 5§1. In the addition
operation circuit 51, the digital image signals are weighted
with appropriate weight factors, and the image signal com-
ponents of the weighted digital image signals are added to
each other, which image signal components represent cor-
responding picture elements on the front and back surfaces
of the stimulable phosphor sheet 16.

The analog-to-digital converter 484 is also connected to
an anti-Stokes’ light detecting means 71a, which detects
only the digital signal representing the fluorescence 44c
from the digital image signal. The analog-to-digital con-
verter 485 1s also connected to an anti-Stokes’ light detect-
ing means 715, which detects only the digital signal repre-
senting the fluorescence 444 from the digital image signal.
The digital signals, which respectively represent the fluo-
rescence 44c and the fluorescence 44d detected by the
anti-Stokes’ light detecting means 71a and the anti-Stokes’
light detecting means 71b, are respectively fed into judg-
ment means 72a and judgment means 72b. The judgment
means 72a and the judgment means 72b compare the levels
of the received digital signals, which respectively represent
the fluorescence 44¢ and the fluorescence 444, with a
predetermined range of signal level. In cases where the level
of the digital signal falls within the predetermined range, it
is judged that a normal image readout is being carried out.
In cases where the level of the digital signal is outside the
predetermined range, it is judged that a normal image
readout is not being carried out.

Specifically, each of the anti-Stokes’ type of fluorescent
substance members 16¢ and 164 produces an amount of the
fluorescence, which is proportional to the amount of the
stimulating rays irradiated to it. The amount of the irradiated
stimulating rays is set at a predetermined value, and there-
fore the amount of the fluorescence, which is to be produced
by the fluorescent substance member when it is exposed to
the predetermined amount of the stimulating rays, is known
in advance. The range of the level of the digital signal
corresponding to the amount of the fluorescence, which is to
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be produced by the fluorescent substance member, is sct by
considering a certain degree of error. Therefore, in cases
where the levels of the -digital signals, which respectively
represent the fluorescence 4dc and the fluorescence 444, fall
within the predetermined range of signal level, it can be
judged that an abnormal state has not occurred in the
components for the output of the laser beam L by the laser

beam source 41, the scanning of the stimulable phosphor
sheet 16 by the scanning system, the guiding of light by the
light guide members 45a and 45b, the photoelectric conver-
sion by the photomultipliers 46a and 465, the logarithmic
conversion by the logarithmic converters 47a and 47b, and
the analog-to-digital conversion by the analog-to-digital
converters 48a and 485. Thus it can be judged that the image
readout 1s being carried out normally on each of the two
surface sides of the stimulable phosphor sheet 16.

On the other hand, in cases where an abnormal state has
occurted in one of these components, the digital signal,
which corresponds to the level of the detected fluorescence,
becomes outside the predetermined range. Therefore, if the
level of the detected fluorescence is outside the predeter-
mined range, it can be judged that an abnormal state has
occurred in one of the processes described above.

The judgment means 72q and the judgment means 726 are
connected to a control means 73, which is connected to the
memory 50 and the addition operation circuit 51. The

control means 73 receives judgment signals from the judg-
ment means 72a and the judgment means 72b. In accordance

with the received judgment signal, the control means 73
feeds a predetermined instruction signal into the memory 50
and gives a predetermined operation instruction to the
addition operation circuit S1. The predetermined instruction

signal and the predetermined operation instruction are the

same as those described above for the first embodiment.

How the radiation 1mage is read out from the stimulable
phosphor sheet 16 in the radiation image read-out apparatus
40 will be described hereinbelow with reference to FIG. 2.

In a radiation image recording apparatus (not shown), the
radiation image of an object is stored on the stimulable
phosphor sheet 16. The stimulable phosphor sheet 16, on
which the radiation image has been stored, is set at a
predetermined position on the endless belts 49 and 496.
The sttmulable phosphor sheet 16, which has been set at the
predetermined position, is conveyed at a predetermined
speed by the endless belts 492 and 495 in a sub-scanning
direction indicated by the arrow Y. Also, the laser beam L is
produced by the laser beam source 41. The laser beam L,
which has been produced by the laser beam source 41, is
reflected and deflected by the rotating polygon mirror 43,
which is quickly rotated by the motor 42 in the direction
indicated by the arrow. The laser beam L, which has thus
been reflected and deflected by the rotating polygon mirror
43, is converged on the surface of the stimulable phosphor
sheet 16 by the scanning lens 30. Also, the laser beam L is
caused to scan the stimulable phosphor sheet 16 at uniform
speed in the main scanning directions indicated by the
double headed arrow X. The main scanning directions are
approximately normal to the sub-scanning direction indi-
cated by the arrow Y. By the main scanning of the laser beam
L and the sub-scanning of the stimulable phosphor sheet 16,
the entire area of the stimulable phosphor sheet 16 is
exposed to the laser beam L. | |

When the stimulable phosphor sheet 16 is exposed to the
laser beam L, the stimulable phosphor layers of the stimu-
lable phosphor sheet 16 emit light 44a and light 445 in
proportion to the amounts of energy stored thereon during
their exposure to the radiation.
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The Light 44a, which has been emitted from the front
surface 16a of the stimulable phosphor sheet 16, is guided
by the light guide member 454, which is located on the front
surface side of the stimulable phosphor sheet 16. The
emitted light 44a, which has thus been guided by the light
guide member 45q, is photoelectrically detected by the
photomultiplier 46a.

Also, the long, narrow strip-like fluorescent substance
member 16¢ 1s located at the position that is exposed to the
laser beam L each time the scanning of the laser beam L
along the main scanning line begins. When the fiuorescent
substance member 16¢ 1s exposed to the laser beam L, it
produces the fluorescence 44¢ having wavelengths different
from the wavelengths of the light 44a emitted by the
stimulable phosphor sheet 16. The fluorescence 44¢ ema-
nates from the front surface 16a of the stimulable phosphor
sheet 16. The fluorescence 44c is guided by the light guide
member 45a and photoelectrically detected by the photo-
multiplier 46a.

On the other hand, the light 445, which has been emitted
by the back surface 165 of the stimulable phosphor sheet 16,
and the fluorescence 44d, which has been produced by the
long, narrow strip-like fluorescent substance member 164,
are guided by the light gnide member 455, which is located
on the side of the back surface 160 of the stimulable
phosphor sheet 16. The emitted light 445 and the fluores-
cence 444 are photoelectrically detected by the photomul-
tiplier 46b.

The photomultiplier 46a generates an analog output signal
S ;. The analog output signal S, is logarithmically amplified
by the logarithmic amplifier 47a and is then digitized by the
analog-to-digital converter 48¢ into a first image signal log
S ;. The first image signal log S, is fed into the memory 50.
At this time, in the analog-to-digital converter 48a, the
timing, with which the signal is sampled, is adjusted, and the
image signal representing the fluorescence 4dc is separated
and digitized. In this manner, only the digital image signal
representing the emitted light 44a is fed as the first image
signal log S, into the memory 50. The digital image signal
representing the fluorescence 44c is fed into the anti-Stokes’
light detecting means 71a.

Also, the photomultiplier 465 generates an analog output
signal S,, which represents the light 445 emitted from the
back surface 165 of the stimulable phosphor sheet 16. In the
same manner as that in the analog output signal S,, the
digital image signal representing the fluorescence 44d is
separated and fed into the anti-Stokes’ light detecting means
71b. Only the digital image signal representing the emitted
light 44b is fed as the second image signal log S, into the
memory 50. The digital image signal representing the fluo-
rescence 44d 1s fed into the anti-Stokes’ light detecting
means 715b.

The anti-Stokes® light detecting means 71a feeds the
separated image signal, which represents the fluorescence
44c, into the judgment means 72a. Also, the anti-Stokes’
light detecting means 71b feeds the separated image signal,
which represents the fiuorescence 444, into the judgment
means 72b.

The judgment means 72a compares the level of the
received image signal, which represents the fluorescence
44c¢, with a predetermined range of the level of the image
signal, which represents the fluorescence produced when a
normal image readout is carried out. Also, the judgment
means 72b compares the level of the received image signal,
which represents the fluorescence 444, with the predeter-
mined range of the level of the image signal, which repre-
sents the finorescence produced when a normal image
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readout is carried out. In cases where the level of the image
signal, which represents the fluorescence ddc, or the image
signal, which represents the finorescence 444, falls within
the predetermined range of the level of the image signal, a
judgment signal, which represents that the normal image
readout is being carried out, is fed into the control means 73.
In cases where the level of the image signal, which repre-
sents the fluorescence 44¢, or the image signal, which
represents the fluorescence 444, is outside the predetermined
range of the level of the image signal, a judgment signal,
which represents that the normal image readout is not being
carried out, i.e. that the image readout is abnormal, is fed
into the control means 73.

In accordance with the results of the judgment, the control
means 73 controls the memory 50, the addition operation
circuit 51, and an alarming means 74 such that the processes
may be carried out in the same manner as that in the control
means 63 employed in the first embodiment described
above.

A digital image signal S is obtained from the operation
processing carried out in the manner described above. The
digital image signal S is logarithmically converted by an
image processing circuit 52 and subjected to image
processing, such as gradation processing or frequency pro-
cessing. The digital image signal S, which has been obtained
from the image processing circuit 52, is fed into the image
reproducing apparatus S3. which is connected to the radia-
tion image read-out apparatus 40. In the image reproducing
apparatus 53, the digital image signal S is used for repro-
ducing a visible radiation image.

As described above, with the second embodiment, the
image signal having been obtained from the surface side of
the stimulable phosphor sheet 16, on which side an abnormal
state 1n the image readout has occurred, is not stored in the
memory 50. Therefore, an abnormal image signal obtained
from an abnormal image readout is not processed.
Accordingly, useless processes can be prevented from being
carried out, and processes inappropriate for the reproduction
of a visible image can be prevented from being carried out.

In the second embodiment, the memory 50 is controlled
such that it may not store the image signal obtained from the
surface side of the stimulable phosphor sheet 16, on which
side an abnormal state in the image readout has occurred.
Alternatively, the detection of the abnormal image signal
may be ceased. Specifically, instead of the memory 50 being
controlled, the control means 73 may control the photomul-
tiplier 46a or the photomultiplier 465, whichever is located
on the surface side of the stimulable phosphor sheet 16 on
which an abnormal state in the image readout has occurred.
Also, instead of the photomultiplier being controlled, the
logarithmic amplifier or the analog-to-digital converter may
be controlled.

Also, in the second embodiment, the stimulable phosphor
sheet 16 shown in FIG. 3A is used which is provided with
the fluorescent substance members 16¢ and 164 extending in
the direction, that is normal to the main scanning direction
of the laser beam. Alternatively, the stimulable phosphor
sheet 26 shown in FIG. 3B may be used. The stimulable
phosphor sheet 26 is provided with the long, narrow strip-
like fluorescent substance members 26¢ and 264, which are
respectively formed on the front surface 26a and the back
surface 26b of the stimulable phosphor sheet 26. The fluo-
rescent substance members 26¢ and 264 extend in the
direction, which is parallel with the main scanning direction
of the laser beam, and are located at the positions which can
be exposed to the laser beam along the first main scanning

line.
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In cases where the stimulable phosphor sheet 16 shown in
FI1G. 3A is used, an abnormal state in the image readout is
investigated for each of the main scanning lines. Therefore,
the use of the stimulable phosphor sheet 16 is advantageous
in that, even if an abnormal state in the image readout occurs
at any instant between the beginning of the image readout
and the end of the image readout, the abnormal state in the
image readout can be detected.

In cases where the stimulable phosphor sheet 26 shown in
FIG. 3B is used, an abnormal state in the image readout is
investigated over the entire area of the first main scanning
line. Therefore, the use of the stimulable phosphor sheet 26
is advantageous in that an abnormal state in the image
readout can be detected with respect to every position on the

main scanning line.
In the second embodiment, the period during which the
detection of the image signal and/or the scanning with the

stimulating rays is ceased for the surface side of the stimu-
lable phosphor sheet, on which side the abnormal state in the
image readout has been detected, may be set in the same
manner as that in the first embodiment. Specifically, the
ceasing of the detection of the image signal and/or the
ceasing of the scanning with the stimulating rays may be
applied in one of the ways described below:

(1) The ceasing of the detection of the image signal and/or
the ceasing of the scanning with the stimulating rays is
begun at the time at which the abnormal state in the image
readout has been detected. The ceasing is continued until
the image read-out operation with the radiation image
read-out apparatus is completed.

(1) The ceasing of the detection of the image signal and/or
the ceasing of the scanning with the stimulating rays is
continued only for the period. during which the abnormal
state in the image readout is being detected. After the
normal state in the image readout is restored, the ceasing
of the detection of the image signal and/or the ceasing of
the scanning with the stimulating rays is brought to an
end.

(111) The ceasing is applied to a period, going back to the start
point of the scanning line, which was being scanned when
the abnormal state in the image readout was detected, or
going back to the start point of the image, which was
being read out when the abnormal state in the image
readout was detected. Even if the normal state in the
image readout is restored before the end point of the
scanning line or the end point of the image is reached, the
ceasing of the detection of the image signal and/or the
ceasing of the scanning with the stimulating rays is
continued until the end point of the scanning line or the
end point of the image is reached.

Also, as in the first embodiment, in cases where signal
processing, such as the addition process, is carried out on the
two image signals having been obtained from the upper and
lower surfaces of the stirnulable phosphor sheet 6, the image
signal obtained from the surface side of the stimulable
phosphor sheet 6, on which side the abnormal state in the
1mage readout has been detected, may be filled up with the
same signal values as the image signal obtained from the
normal surface side of the stimulable phosphor sheet 6, on
which side the abnormal state in the image readout has not
been detected. Alternatively, the addition process may be
carried out by setting the addition ratio such that normal
side:abnormal side=1:0. As another alternative, the step of
the addition process may be skipped, and the next step may
be carried out.

What is claimed is:

1. A radiation image read-out method comprising the
steps of:
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i) exposing a stimulable phosphor sheet, which has been
exposed to radiation carrying image information of an
object and on which a radiation image has thereby been
stored, to stimulating rays, which cause the stimulable
phosphor sheet to emit light in proportion to the amount
of energy stored thereon during its exposure to
radiation, and

ii) detecting the light, which is emitted from the front
surface of the stimulable phosphor sheet, and the light,

which is emitted from the back surface of the stimu-
lable phosphor sheet, respectively,

whereby an image readout from the front surface of the
stimulable phosphor sheet and an image readout from

the back surface of the stimulable phosphor sheet are

carried out independently of each other, two image
signals being thereby obtained,
wherein the improvement comprises the steps of:

a) detecting an abnormal state in the image readout from
each of the front surface and the back surface of the
stimulable phosphor sheet, and

b) in cases where an abnormal state has been detected in
the image readout from the front surface of the stimu-
lable phosphor sheet or in the image readout from the
back surface of the stimulable phosphor sheet, ceasing
the image readout from the surface side of the stimu-
lable phosphor sheet, on which side the abnormal state
in the image readout has been detected.

2. A radiation image read-out method comprising the

steps of:

i) exposing a stimulable phosphor sheet, which has been
exposed to radiation carrying image information of an
object and on which a radiation image has thereby been

stored, to stimulating rays, which cause the stimulable
phosphor sheet to emit light in proportion to the amount
of energy stored thercon during its exposure to
radiation, and

ii) detecting the light, which is emitted from the front
surface of the stimulable phosphor sheet, and the light,
which is emitted from the back surface of the stimu-
lable phosphor sheet, respectively,

whereby an image readout from the front surface of the
stimulable phosphor sheet and an image readout from
the back surface of the stimulable phosphor sheet are
carried out independently of each other, two image
signals being thereby obtained,

wherein the improvement comprises the steps of:

a) detecting an abnormal state 1n the image readout from
each of the front surface and the back surface of the
stimulable phosphor sheet, said detection of an abnor-
mal state in the image readout being carried out for
cach of the front surface and the back surface of the

stimulable phosphor sheet independently, and

b) in cases where an abnormal state in the image readout
has been detected for one of the surfaces of the stimu-
lable phosphor sheet, processing, as an effective image
signal, only the image signal having been obtained
from the other surface of the stimulable phosphor sheet,
on which the abnormal state in the image readout has
not been detected.

3. Amethod as defined in claim 2 wherein only the image
signal having been obtained from the other surface of the
stimulable phosphor sheet, on which the abnormal state in
the image readout has not been detected, 1s processed as the
cffective image signal at the time at which and after the
abnormal state in the image readout has been detected for
one surface of the stimulable phosphor sheet.
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4. A method as defined in claim 2 wherein only the image
signal having been obtained from the other surface of the
stimulable phosphor sheet, on which the abnormal state in
the image readout has not been detected, is processed as the
effective image signal only for the period, during which the
abnormal state in the image readout is being detected.

5. Amethod as defined in claim 2 wherein only the image
signal having been obtained from the other surface of the
stimulable phosphor sheet, on which the abnormal state in
the image readout has not been detected, is processed as the
cffective image signal during the entire length of a prede-
termined read-out period corresponding to the time at which
the abnormal state in the image readout has been detected.

6. A method as defined in claim 1, 2, 3, 4, or 5 wherein
the detection of the abnormal state in the image readout is
carried out by monitoring the state of the irradiation of the
stimulating rays and/or the state of the readout of image
information.

7. A method as defined in claim 1, 2, 3, 4, or 5 wherein
the detection of the abnormal state in the image readout is
carried out by monitoring the state of emission of reference
light, which is produced in a predetermined amount of light.

8. A method as defined in claim 2, 3, 4, or § wherein the
processing of only the image signal having been obtained
from the other surface of the stimulable phosphor sheet, on
which the abnormal state in the image readout has not been
detected, as the effective image signal is carried out by
ceasing the exposure to the stimulating rays and/or ceasing
the detection of the emitted light with respect to the one
surface of the stimulable phosphor sheet, on which the
abnormal state in the image readout has been detected, and

by continuing the image readout from only the other surface
of the stimulable phosphor sheet, on which the abnormal

state in the image readout has not been detected.

9. A method as defined in claim 8 wherein the detection
of the abnormal state in the image readout 1s carried out by
monitoring the state of the irradiation of the stimulating rays
and/or the state of the readout of image information.

10. A method as defined in claim 8 wherein the detection
of the abnormal state in the image readout is carried out by
monitoring the state of emission of reference light, which is
produced in a predetermined amount of light.

11. A radiation image read-out apparatus comprising:

i) a stimulating ray irradiating system for exposing a
stimulable phosphor sheet, which has been exposed to
radiation carrying image information of an object and
on which a radiation image has thereby been stored, to
stimulating rays, which cause the stimulable phosphor
sheet to emit light in proportion to the amount of energy
stored thereon during its exposure to radiation, and

ii) two image information read-out systems for respec-
tively detecting the light, which is emitted from the
front surface of the stimulable phosphor sheet, and the
light, which is emitted from the back surface of the
stimulable phosphor sheet,

whereby an image readout from the front surface of the
stimulabie phosphor sheet and an image readout from
“the back surface of the stimulable phosphor sheet are

carried out independently of each other,
wherein the improvement comprises the provision of:

a) an abnormal state detecting means for detecting an
abnormal state in the image readout from each of the

front surface and the back surface of the stimulable
phosphor sheet, and

b) a control means for operating such that, in cases where
said abnormal state detecting means has detected an
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abnormal state in the image readout from the front
surface of the stimulable phosphor sheet or in the image
readout from the back surface of the stimulable phos-
phor sheet, said control means may cease the image
readout carried out by said image information read-out
system. located on the surface side of the stimulable
phosphor sheet, on which side the abnormal state in the
image readout has been detected.

12. A radiation image read-out apparatus comprising:

i) a stimulating ray irradiating system for exposing a
stimulable phosphor sheet, which has been exposed to
radiation carrying image information of an object and
on which a radiation image has thereby been stored, to
stimulating rays, which cause the stimulable phosphor
sheet to emit light in proportion to the amount of energy
stored thereon during its exposure to radiation, and

ii) two image information read-out systems for respec-
tively detecting the light, which is emitted from the
front surface of the stimulable phosphor sheet, and the
light, which is emitted from the back surface of the
stimulable phosphor sheet,

whereby an image readout from the front surface of the
stimulable phosphor sheet and an image readout from
the back surface of the stimulable phosphor sheet are
carried out independently of each other,

wherein the improvement comprises the provision of:

a) an abnormal state detecting means for detecting an
abnormal state in the image readout from each of the
front surface and the back surface of the stimulable
phosphor sheet, said detection of an abnormal state in
the image readout being carried out for each of the front
surface and the back surface of the stimulable phosphor
sheet independently, and

b) a control means for operating such that, in cases where
said abnormal state detecting means has detected an
abnormal state in the image readout for one of the
surfaces of the stimulable phosphor sheet, said control
means may process, as an effective image signal, only
the itmage signal having been obtained from the other
surface of the stimulable phosphor sheet, on which the
abnormal state in the image readout has not been
detected.

13. An apparatus as defined in claim 12 wherein said
control means processes only the image signal having been
obtained from the other surface of the stimulable phosphor
sheet, on which the abnormal state in the image readout has
not been detected, as the effective image signal at the time
at which and after the abnormal state in the image readout
has been detected for one surface of the stimulable phosphor
sheet.

14. An apparatus as defined in claim 12 wherein said
control means processes only the image signal having been
obtained from the other surface of the stimulable phosphor
sheet, on which the abnormal state in the image readout has
not been detected, as the effective image signal only for the
period, during which the abnormal state in the image readout
is being detected.

15. An apparatus as defined in claim 12 wherein said
control means processes only the image signal having been
obtained from the other surface of the stimulable phosphor
sheet, on which the abnormal state in the image readout has
not been detected, as the effective image signal during the
entire length of a predetermined read-out period correspond-
ing to the time at which the abnormal state in the image
readout has been detected.

16. An apparatus as defined in claim 11, 12, 13, 14, or 15
wherein said abnormal state detecting means comprises:
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1) an operation monitoring means, which is associated
with said stimulating ray irradiating system and/or each
of said two image information read-out systems and
monitors a state of the operation of said stimulating ray
irradiating system and/or a state of the operation of
each of said two image information read-out systems,
and

2) a judgment means for making a judgment as to whether
the state of the operation monitored by said operation
monitoring means is or is not abnormal, said judgment
means operating such that, in cases where the state of
the operation monitored has been judged as being
abnormal, said judgment means may feed a signal,
which represents the results of the judgment, into said
control means.

17. An apparatus as defined in claim 11, 12, 13, 14, or 15

wherein said abnormal state detecting means comprises:

1) a reference light source for producing reference light
having a predetermined amount of light,

2) a reference light monitoring means for monitoring a
state of emission of the reference light, which is pro-
duced by said reference light source, via each of said
two image information read-out systems, and

3) a judgment means for making a judgment as to whether
the results of the monitoring of the state of emission of
the reference light, which have been obtained from said
reference light monitoring means, are or are not
abnormal, said judgment means operating such that, in
cases where the results of the monitoring of the state of
emission of the reference light have been judged as
being abnormal, said judgment means may feed a
signal, which represents the results of the judgment,
into said control means.

18. An apparatus as defined in claim 12, 13, 14. or 1§
wherein the processing of only the image signal having been
obtained from the other surface of the stimulable phosphor
sheet, on which the abnormal state in the image readout has
not been detected, as the effective image signal is carried out
with said control means by ceasing the detection of the
emitted light, which is carried out by one of said two image
information read-out systems, with respect to the one sur-
face of the stimulable phosphor sheet, on which the abnor-
mal state in the image readout has been detected, and by
continuing the detection of the emitted light, which is carried
out by the other image information read-out system, with
respect to only the other surface of the stimulable phosphor
sheet, on which the abnormal state in the image readout has
not been detected.

19. An apparatus as defined in claim 18 wherein said
abnormal state detecting means comprises:

1) an operation monitoring means, which is associated
with said stimulating ray irradiating system and/or each
of said two image information read-out systems and
monitors a state of the operation of said stimulating ray
irradiating system and/or a state of the operation of
each of said two image information read-out systems/
and

2) a judgment means for making a judgment as to whether
the state of the operation monitored by said operation
monitoring means is or is not abnormal, said judgment
means operating such that, in cases where the state of
the operation monitored has been judged as being
abnormal, said judgment means may feed a signal,
which represents the results of the judgment, into said
control means.

20. An apparatus as defined in claim 18 wherein said

abnormal state detecting means comprises:
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1) a reference light source for producing reference light 22. An apparatus as defined in claim 21 wherein said
having a predetermined amount of light, abnormal state detecting means comprises:

2) a reference light monitoring means for monitoring a 1) an operation monitoring means, which is associated
state of emission of the reference light, which is pro- with each of said two stimulating ray irradiating sys-
duced by said reference light source, via each of said 3 tems and/or each of S{“d two mnage mformauon_ read-
two image information read-out systems, and out systems and monitors a state of the operation of

_ _ _ cach of said two stimulating ray irradiating systems
3) a judgment means for making a judgment as to whether and/or a state of the operation of each of said two image
the results of the monitoring of the state of emission of

the reference light, which have been obtained from said

information read-out systems, and

2) a judgment means for making a judgment as to whether

reference light monitoring means, are or are not 0 the state of the operation monitored by said operation
abnormal, said judgment means operating such that, in monitoring means is or is not abnormal, said judgment
cases where the results of the monitoring of the state of means operating such that, in cases where the state of
emission of the reference light have been judged as the operation monitored has been judged as being
being abnormal, said judgment means may feed a s abnormal, said judgment means may feed a signal,

signal, which represents the results of the judgment,
into said confrol means.

which represents the results of the judgment, into said
control means.

21. An apparatus as defined in claim 12. 13, 14, or 15
wherein two stimulating ray irradiating systems are located
on the opposite surface sides of the stimulable phosphor

23. An apparatus as defined in claim 21 wherein said
abnormal state detecting means comprises:

1) a reference light source for producing reference light

sheet, and 20 having a predetermined amount of light,

the processing of only the image signal having been 2) a reference ]ight mOI]itOIiIlg means for monitoring a
obtained from the other surface of the stimulable phos- state of emission of the reference light, which is pro-
pho];' sheet, on which the abnormal state in the image duced by said reference ]ight source, via each of said
readout has not been detected, as the effective image 55 two image information readout systems, and
signal is carried out with said control means by ceasing 3) a judgment means for making a judgment as to whether
the exposure to the stimulating rays, which is carried the results of the monitoring of the state of emission of
out by one of said two stimulating ray irradiating the reference light, which have been obtained from said
systems, and/or ceasing the detection of the emitted reference light monitoring means, are or are not
light, which is carried out by one of said two image ., abnormal, said judgment means operating such that, in
information read-out systems, with respect to the one cases where the results of the monitoring of the state of
surface of the stimulable phosphor sheet, on which the emission of the reference light have been judged as
abnormal state in the image readout has been detected, being abnormal, said judgment means may feed a
and by continuing the image readout from only the signal, which represents the results of the judgment,
other surface of the stimulable phosphor sheet, on . into said control means.

which the abnormal state in the image readout has not
been detected.
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